1. Introduction
===============

Almost 60% to 70% of traumatic spinal fractures are related to thoracolumbar (TL) region which ranges from T11 to L2.^\[[@R1],[@R2]\]^ In clinical practice, TL fractures are managed either nonsurgically (conservative treatment) or surgically. Surgical decompression is generally acceptable for neurologically compromised patients but is highly controversial in those without neurological damage. Although nonoperative treatment could provide promising clinical outcomes, some clinical reports have showed that surgical treatment achieved better fracture reduction and long-term results.^\[[@R3],[@R4]\]^

Posterior short-segment pedicle screw fixation (one level above and one level below the fracture level) is most widely used for TL fractures around the world, which can provide immediate spinal stability, improved correction of kyphotic deformities, early painless mobilization, and indirect decompression of the spinal canal. However, many authors reported that short-segment pedicle screw instrumentation was not adequate to achieve and maintain the reduction of TL fractures and associated with an unacceptable rate of failure.^\[[@R5]--[@R7]\]^

Since a study of pedicle screw fixation at fractured vertebrae was first reported in 1994, a series of biomechanical studies^\[[@R8]--[@R11]\]^ also showed that pedicle screw fixation combined with screws at the fractured vertebrae could significantly improve the spinal stability and decrease the stress of pedicle screws in the upper and lower normal vertebrae. The similar advantages have also been reported for treatment of TL fractures, however, the evidence is mainly limited to low-quality observational studies.^\[[@R12]--[@R14]\]^ Furthermore, randomized controlled trials of high quality and long term follow-up on the pedicle screw fixation combined with the intermediate screw at the fracture level for TL fractures have not been well established, further limiting the evidence available for this technique.

Therefore, in the present study, we conducted a systematic meta-analysis from published studies to estimate the clinical, functional, and radiological outcomes of pedicle screw fixation combined with intermediate screw at the fractured vertebrae for TL fractures.

2. Methods
==========

This meta-analysis was conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines. Ethical approval was not necessary as our study did not involve any patient intervention or information.

2.1. Literature search strategy
-------------------------------

We conducted electronic searches using PubMed, Medline, Embase, Cochrane Central Register of Controlled Trials (CCTR), and Cochrane Database of Systematic Reviews (CDSR), from their date of inception to December 2015. To achieve the maximum sensitivity of the search strategy, the following key words were used for search with various combinations of the operators "AND," "NOT," and "OR": "thoracolumbar fracture," "lumbar fracture," "intermediate screw," "additional screw," "index level," "fracture vertebrae," "fracture level," and "six screws." In addition, the reference lists of all retrieved articles were reviewed for further identification of potentially relevant studies. We restricted the language to English.

2.2. Selection criteria
-----------------------

Studies were included in this meta-analysis only if they were comparative trials comparing pedicle screw fixation combined with intermediate screw at the fracture level versus conventional pedicle screw fixation for treatment of TL fractures. A manual search was conducted to acquire more relevant studies from original studies and reviews. All studies were included when they involved human subjects. Abstracts, case reports, conference presentations, editorials, reviews, and expert opinions were excluded. For repeated papers or literature containing the same population data, only the one with longest follow-up and most complete information was included.

2.3. Data extraction and critical appraisal
-------------------------------------------

A standardized form was used to record name of first author, study period, country of study, sample size within each group, indication, and follow-up time. The postoperative Cobb angle and anterior vertebral height (AVH), correction loss of Cobb angle and AVH, and complication rate including implant failure were used as the primary outcomes. The secondary outcomes included operative time, blood loss, and clinical outcome. Visual analogue scale (VAS) for back pain was used to assess clinical outcome. Two researchers independently reviewed literature for data extraction. Any disagreement between the 2 reviewers was resolved by thorough discussions.

2.4. Quality evaluation
-----------------------

We evaluated the quality of the included studies using Newcastle--Ottawa Scale (NOS). Studies were graded according to the following 3 categories with 8 items: the selection of the study cases (4 items), the comparability of the study populations (1 item), and the ascertainment of either the exposure or outcome of interest (3 items). Nine stars were the highest value for quality assessment. Studies that had a score of 0 to 3, 4 to 6, and 7 or more stars were classified to be of poor, moderate, and high quality, respectively.^\[[@R15]\]^

2.5. Statistical analysis
-------------------------

Review Manager Version 5.3.5 (Cochrane Collaboration, Oxford, UK) was used for all data analysis. The odds ratio (OR) and weighted mean difference (WMD) were used as a summary statistic to analyze dichotomous and continuous variables, respectively. Both were reported with 95 % confidence intervals (CIs), and a *P* value lower than 0.05 or a 95% CI that did not contain unity was considered statistically significant. In the present meta-analysis, both fixed- and random-effect models were employed. Since similar results were obtained, only results of the random-effect model are presented. *I*^2^ test was used to evaluate the heterogeneity, where the values greater than 50% implied heterogeneity.

3. Results
==========

3.1. Literature search
----------------------

The literature search from electronic databases identified 287 articles. The literature search procedure is shown in Fig. [1](#F1){ref-type="fig"}. After application of the inclusion and exclusion criteria, 10 comparative studies were finally included in the present systematic review and meta-analysis, including 4 randomized controlled studies and 6 observational studies (Table [1](#T1){ref-type="table"}). Of the 10 studies, there were 5 prospective studies^\[[@R12],[@R16]--[@R19]\]^ and 5 retrospective studies.^\[[@R13],[@R14],[@R20]--[@R22]\]^ A total of 283 patients who underwent pedicle screw fixation combined with the intermediate screw at the fracture level were compared with 285 patients who underwent conventional pedicle screw fixation. In all studies, TL fractures were the primary indication for pedicle screw fixation. Follow-up for the included studies ranged from 6 to 84 months. As shown in Table [2](#T2){ref-type="table"}, all of the included articles had high quality as they got 6 or more stars.
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3.2. Operative parameters
-------------------------

Operation time for the combined screw and conventional groups was reported in 6 included studies. No difference was found in terms of operative duration between the combined and conventional cohorts (WMD, 4.65 minutes; 95% CI, −5.36, 14.67; *I*^2^ = 88%; *P* = 0.36). Significant heterogeneity was detected for this outcome (*P* \< 0.00001; Fig. [2](#F2){ref-type="fig"}). Intraoperative blood loss was a little lower in the conventional fixation cohort versus combined screw fixation (WMD, 12.91 mL; 95% CI, 2.22, 23.60; *I*^2^ = 7%; *P* = 0.02; Fig. [3](#F3){ref-type="fig"}).

![Forest plot comparing operation time for combined screw fixation versus conventional screw fixation. CI = confidence interval, IV = inverse variance, SD = standard deviation.](medi-95-e4574-g004){#F2}

![Forest plot comparing intraoperative blood loss for combined screw fixation versus conventional screw fixation. CI = confidence interval, IV = inverse variance, SD = standard deviation.](medi-95-e4574-g005){#F3}

3.3. Clinical outcomes
----------------------

Postoperative VAS outcomes for back pain were reported in 5 studies. Postoperative VAS scores were demonstrated to be equally better between the combined fixation cohort and the conventional fixation group (WMD, −0.21; 95% CI, −0.44, 0.01; *I*^2^ = 0%; *P* = 0.06). No heterogeneity was detected for this outcome (*P* = 0.44; Fig. [4](#F4){ref-type="fig"}).

![Forest plot comparing visual analogue scale (VAS) for combined screw fixation versus conventional screw fixation. CI = confidence interval, IV = inverse variance, SD = standard deviation.](medi-95-e4574-g006){#F4}

3.4. Radiological outcomes
--------------------------

Similarly to previous studies, both combined screw fixation and conventional fixation techniques were able to significantly correct all monitored radiological parameters. Postoperative Cobb angle was demonstrated to be significantly better in the combine screw cohort compared with the conventional fixation group (WMD, −1.88; 95% CI, −3.00, −0.75; *I*^2^ = 77%; *P* = 0.001; Fig. [5](#F5){ref-type="fig"}).

![Forest plot comparing Cobb angle for combined screw fixation versus conventional screw fixation. CI = confidence interval, IV = inverse variance, SD = standard deviation.](medi-95-e4574-g007){#F5}

Postoperative AVH was reported in 7 studies and postoperative anterior vertebrae height compression (AVHC) in the other 2 studies. Postoperative AVH was significantly better in the combined screw group versus conventional fixation (WMD, 6.14; 95% CI, 0.04, 12.23; *I*^2^ = 94%; *P* = 0.05). Similar trends were also seen for postoperative AVHC, which was significantly lower in the combined screw cohort (WMD, −2.48; 95% CI, −3.39, −1.58; *I*^2^ = 32%; *P* \< 0.00001). The pooled analysis showed significant improvement in terms of AVH in the combined screw group compared with the conventional fixation (Fig. [6](#F6){ref-type="fig"}).

![Forest plot comparing anterior vertebral height (AVH) and anterior vertebrae height compression (AVHC) for combined screw fixation versus conventional screw fixation. CI = confidence interval, IV = inverse variance, SD = standard deviation.](medi-95-e4574-g008){#F6}

The correction losses of the Cobb angle and AVH in the last follow-up were provided in the 7 studies. Compared with the conventional fixation group, the correction loss of Cobb angle and AVH was demonstrated to be significantly less in the combined screw cohort (Cobb angle: WMD, −1.62; 95% CI, −2.39, −0.85; *I*^2^ = 51%; *P* \< 0.0001. AVH: WMD, −2.38; 95% CI, −3.53, −1.24; *I*^2^ = 74%; *P* \< 0.0001). However, these outcomes were heterogeneous (Cobb angle: *P* = 0.05; AVH: *P* = 0.0003; Figs. [7](#F7){ref-type="fig"} and [8](#F8){ref-type="fig"}).

![Forest plot comparing correction loss of Cobb angle for combined screw fixation versus conventional screw fixation. CI = confidence interval, IV = inverse variance, SD = standard deviation.](medi-95-e4574-g009){#F7}

![Forest plot comparing correction loss of anterior vertebral height (AVH) for combined screw fixation versus conventional screw fixation. CI = confidence interval, IV = inverse variance, SD = standard deviation.](medi-95-e4574-g010){#F8}

3.5. Complications
------------------

The primary complication reported commonly amongst the studies was limited to implant failure including breakage and loosening of the pedicle screws or the rods. Other complications included wound infection and thrombosis. Implant failure rates were reported in 4 included studies. Implant failure rates were demonstrated to be significantly lower in the combined screw fixation cohort, with 2 complications in the combined screw group versus 15 total failures in the conventional cohort (1.5% vs 11.7%; OR, 0.19; 95% CI, 0.06, 0.62; *I*^2^ = 0%; *P* = 0.006). There was no significant difference in other complications rate (6.0% vs 9.3%; OR, 0.69; 95% CI, 0.23, 2.04; *I*^2^ = 0%; *P* = 0.50; Fig. [9](#F9){ref-type="fig"}). No deaths and neurological complications attributed to pedicle screw fixation were reported in the included studies.

![Forest plot comparing complication rates for combined screw fixation versus conventional screw fixation. CI = confidence interval, M--H = Mantel--Haenszel.](medi-95-e4574-g011){#F9}

4. Discussion
=============

As we know, this is the first meta-analysis of comparative studies on the pedicle screw combined with intermediate screw at the fracture level versus conventional pedicle screw fixation techniques for TL fractures. From the available data, this meta-analysis showed that the combined screw technique was associated with better reduction and less correction loss of fractured vertebrae, similar operation time, a little more intraoperative blood loss, and equal VAS clinical outcome when compared with the conventional fixation technique.

Since Dick et al^\[[@R23]\]^ first conducted the biomechanical studies of pedicle screw fixation at fractured vertebrae in 1994, the technique has evolved, and it has been demonstrated that the addition of intermediate screws at the fractured vertebrae can achieve stronger fixation and less loss of reduction compared with conventional pedicle screw fixation. The clinical application of pedicle screw at the fractured vertebrae for TL fractures turns into a controversial issue due to the limited evidence available. Later, there were some in vitro biomechanical studies on the pedicle screw at the fracture level,^\[[@R8],[@R9],[@R24]\]^ whose results showed that it could clearly improve the stability of pedicle screw fixation system and decrease the stress distribution on each pedicle screw. Some authors^\[[@R17],[@R25],[@R26]\]^ also suggested that pedicle screw fixation combined with intermediate screw at the fractured vertebrae improved biomechanical stability and achieved better reduction, less correction loss, fewer instrument failures, and comparable or better clinical outcomes. Conversely, Hakalo and Wronski^\[[@R27]\]^ considered that pedicle screw insertion into the fractured vertebra did not effectively increase the spinal axial bearing capacity and initial stability, thus it could not reduce the postoperative correction loss and failure rate of internal fixation. Therefore, we performed a meta-analysis to compare systematically the efficacy and safety between the 2 techniques.

VAS was used for evaluating clinical outcome in this study. Our review showed no difference in VAS scores between the 2 groups postoperatively. This indicated that addition of intermediate screws at the fractured vertebrae would not increase the postoperative pain of patients. However, it is noteworthy that the VAS scores evaluation is more dependent on the subjective experience of patients and the scores may be acquired variably by different investigators. Hence, the reliability of the results was investigated and the conclusions were consistent following sensitivity analysis.

The results of the present review confirm previously reported advantages of the combined screw fixation compared with conventional fixation technique. The pedicle screw fixation combined with the screw at the fractured vertebrae could achieve better correction of kyphotic angle and the height of the injured vertebrae postoperatively, and reduce the correction loss at the follow-up. The combined screw fixation technique requires insertion of 1 or 2 pedicle screws into the fractured vertebrae, which can produce a forward driving force to enhance the reduction and reshaping, and can be used to directly raise the end plate to assist in the restoration of the compressed vertebral height.^\[[@R25],[@R28]\]^ In previous studies, some authors^\[[@R17],[@R19]\]^ reported that placement of pedicle screws into the fractured vertebrae could lead to better kyphosis correction, and others^\[[@R12]\]^ showed that it could more effectively restore the height of the fractured vertebrae. Whereas our study demonstrated that the combined screw fixation technique could both effectively correct the kyphotic deformity and restore the height of the fractured vertebrae.

Complication is a very important factor for assessing surgical safety and a low rate of complications was reported amongst the included studies. In the published literature, there has been inconsistent rate of pedicle screw breakage and loosening reported. Our review showed that the incidence of implant failure was significantly lower in the combined screw fixation group (combined screw fixation vs conventional fixation: 1.5% vs 11.7%), and statistical difference was detected between the 2 groups (*P* = 0.007). This is likely explained by the notion that the combined screw at the fractured vertebrae could significantly improve the stress distribution of screws, reduce screw load, and provide a fulcrum for the reduction to make it coincide with the mechanical mechanism, so as to significantly improve its antistress ability and enhance the stability of the fixation.^\[[@R13],[@R29]\]^ It is also important to note that implant failure rates may vary depending on their follow-up periods. Other complications rates were not significantly different between the 2 groups. This result is not surprising because of similar operation duration and surgical trauma in the 2 groups.

We also took the results of operation time and intraoperative blood loss for evaluating surgical trauma in this study. The results showed that there was no statistical difference in aspects of the operation time between the 2 groups, which suggested that the additional screws at the fracture level would not increase the operation time and surgical trauma. However, the intraoperative blood loss in the conventional fixation group was less compared with the combined screws fixation group, and significant difference was observed between the 2 groups. We consider that the insertion of pedicle screw caused outflow of the hematocele within the fractured vertebral body, and then increased the intraoperative blood loss. Additionally, only one minimally invasive study of the current review reported that significant difference in the intraoperative blood loss was observed between 2 groups. During the process of sensitivity analysis, *I*^2^ decreased to 0% from 7% and no significant difference in terms of intraoperative blood loss was observed between the 2 groups when this study was excluded. We concluded that our study was heterogeneous, and the heterogeneity derived from the percutaneous approach different from open approach.

Meta-analysis uses quantitative methods to combine the data collected from several independent researches and surveys on the same problem, pooling outcomes to arrive at a more unbiased and scientific conclusion.^\[[@R30]\]^ There are some limitations to our meta-analysis. Firstly, of the 10 available studies, only 4 randomized controlled trials were included, which led to the data of low quality given the nonrandomized design of most studies. Secondly, the level and type of fracture and surgical approach adopted by different surgeon (i.e., percutaneous or open approach) may cause clinical heterogeneity in various treatment centers, and in most studies, results were combined together with no stratification. Thirdly, the patient sample was small, which may be unable to detect true complication rates. Finally, the data were limited to English-language articles and the majority of studies came from the same country, which may cause language and demography bias.

5. Conclusion
=============

This study only concentrated on the operative parameters, clinical and radiological outcomes, and complications between the 2 groups. The combined screw fixation technique was associated with better reduction of the fractured vertebrae, less correction loss in the follow-up, and lower implant failure rate. Given the lack of robust clinical evidence, these findings warrant verification in large prospective registries and randomized trials with long-term follow-up.

Abbreviations: AVH = anterior vertebral height, AVHC = anterior vertebrae height compression, CCTR = Cochrane Central Register of Controlled Trials, CDSR = Cochrane Database of Systematic Reviews, CI = confidence interval, NOS = Newcastle--Ottawa Scale, OR = odds ratio, SD = standard deviation, TL = thoracolumbar, VAS = visual analogue scale, WMD = weighted mean difference.
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